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Abstract-Four protemase inhibitors were purified from Erythrina corallodendron seeds. Each inhtbltor consists of 
172-173 amino acids (M, 20000) including four half-cystine residues, and resembles the Kunitz-type protemase 
inhibitors. Inhibitor DE-2 inhibited trypsin strongly and chymotrypsm slightly less effectively. It had no effect upon 
tissue plasminogen activator (t-PA). Inhibitor DE-3 inhibited trypsm, chymotrypsin and t-PA. Inhibitor DE-5 and 
DE-10 were relatively specific for a-chymotrypsin, they were poor inhibitors for trypsin and had no effect upon t-PA. 
The N-terminal ammo acid sequence of inhibitor DE-3 resembles those of other Erythrina species Inhibitor DE-2 and 
DE-3 have the same reactive sites (Arg-Ser). 

INTRODUCTION 

The genus Erythrina comprises nearly 110 species of 
trees, shrubs and herbaceous plants that are widely dis- 
tributed throughout tropical to warm regions of the 
world Cl]. Many of the species are indigenous to South 
Africa and the seeds are good sources of proteinase 
inhibitors. The seeds all contain inhibitors for trypsin 
and a-chymotrypsm [2] Further, the genus 1s unusual m 
that one of the trypsin inhibitors has the unique ability to 
bind to and inhibit tissue plasminogen activator (t-PA) 
[3]. The Erythrma proteinase inhibitor resembles other 
inhibitors of the Kunitz-type. They have M,s of ca 20 000 
and contain about 170 amino acids that are cross-linked 
by two intramolecular disulphide bonds. The present 
communication describes the purification and some 
properties of the proteinase inhibitors from the seeds of 
E. corallodendron. A paper on E. corrallodendron seed 
was published [4] but the seeds are wrongly named and 
should be called E. lymtemon. The E. corallodendron 
seeds are distinguished by a red and black testa and a 
black hilum-scar [S]. 

RESULTS 

The crude preparation of E. corallodendron seeds was 
fractionated by gel filtration on Sephadex G-50 followed 
by ion exchange chromatography, first on DEAE-cellu- 
lose and then on DEAE-Sepharose as described for other 
Erythrina seeds [6-111. The purification of the trypsin 
and chymotrypsin inhibitors is summarized in Table 1. 
Disc electrophoresq both in the absence and presence, of 
dodecyl sulphate showed that proteinase inhibitors DE- 
2, DE-3, DE-5 and DE-10 each ran as one band This 
confirmed the homogeneous nature of these inhibitors. 
Some of the properties of the pure inhibitors are shown in 
Table 2. Trypsin and chymotrypsm inhibitor DE-3 in- 
hibited t-PA also strongly and has a free iv-terminal 

amino acid (valine). Other mhlbitors listed m Table 2 
have no free N-terminal ammo acids The N-termmal 
ammo acids could be blocked with an acetyl group or a 
pyroglutamic residue. Table 2 shows that the C-terminal 
amino acid of inhibitors DE-2, DE-3, DE-5 and DE-10 is 
serine. In Fig. 1 the N-termmal sequence of inhibitor DE- 
3 from E. corallodendron seeds 1s compared to those of 
inhibitors from other Erythrina seeds. Their sequences of 
the first 20 amino acids were identical. The amino acid 
compositions of the pure inhibitors (DE-2, DE-3, DE-5 
and DE-lo) is given in Table 3. 

Treatment of proteinase inhibitors with catalytic am- 
ounts of protease at acid pH 1s known to cause limited 
hydrolysis at the active site of the inhlbitor [12] and thus 
provides a useful approach to the identification of the 
reactive sites and their neighbouring sequences. The re- 
sults of limited hydrolysis of inhibitors DE-2 and DE-3 
from the seeds of E. corallodendron with trypsin at pH 3 
are given m Table 4, SDS-PAGE in the presence of a 
reducing agent, of the digest, yielded three bands with 
M,s of about 20 000, 13 000 and 7000 representing un- 
cleaved inhibitors (20000) and the products of a single 
cleavage at the reactive site. For comparison, limited 
hydrolysis with trypsm of inhibitors DE-3 from E cafla 
and E. latusma seeds is included m Table 4 The ammo 
acid sequences immediately C-terminal to the reactive 
sites of the inhibitors were determined directly on the 
digest (Table 4). The inhibltor DE-2 (E. corallodendron) 
which contained no free N-terminal ammo aad, gave one 
PTH ammo acid at each step of the fragment cleaved at 
the reactive site. In the case of inhibitor DE-3 (E. corralo- 
dendron) the digest gave two different PTH amino acids 
for most steps. Since one of each pair could be ascribed to 
the known N-terminal sequence of uncleaved inhibitor, it 
was possible to assign the other member to the N- 
terminal sequence of the fragment obtamed at the reac- 
tive site cleavage point. 
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Table 1 Summary of the purtficatton of protemase mhtbttors from E corallodendron seeds 

Steps 

Protem 

(mg) 

Crude preparation 

Sephadex G-50 

DEAE-cellulose and 

DEAE-Sepharose 

DE-1 

2000 

540 

19 

DE-2 69 

DE-3 7 

DE-4 14 

DE-5 6 

DE-6 16 

DE-7 5 

DE-8 8 

DE-9 27 

DE-10 5 

DE-l 1 11 

DE-12 8 

Total mhtbttor Spectfic mhrbrtor 

actrvtty* acttvrty 

(umts x 103) (umtsjmg protem) 

Yteld 

(36) 

T 1892 T 946 loo 

c 2244 c 1122 100 

T 1485 T 2750 78 5 

C 1671 c 3094 74 5 

T 159 T 8360 84 

C 61 C 3200 27 

T 582 T 8440 30 8 

c 86 C 1240 38 

T 61 T 8720 32 

c 38 c 5480 17 

T 95 T 6760 50 

c 90 C 6400 40 

T 1 T 160 01 

c 51 C 8440 23 

T 7 T 440 04 

C 123 C 7680 55 

T 2 T 360 01 

c 35 c 7040 I6 

T 0 T 0 0 

c 50 C 6320 2.2 

T 0 T 0 0 

c 184 C 6840 82 

T 7 T 1440 04 

C 23 c 6680 15 

T 5 T 440 03 

c 71 C 6440 32 

T 55 T 6880 29 

c 14 C 1720 06 

Bands? 

2 

1 

I 

2 

1 

2 

2 

2 

2 

1 

2 

2 

*T, trypsm mhtbttor, C, a-chymotrypsm mhtbttor 

tDtsc electrophorests and SDS gel electrophorests 

Table 2. Some of the properttes ofprotemase mhrbttors from E corah- 
dendron seeds 

Property DE-2 DE-3 DE-5 DE-IO 

t-Pa mhrbrtor actrvrttes* 1500 60000 0 0 

M, 20000 2oooo 2oWO 20000 
N-Termmal ammo acrd None Val None None 

C-Termmal ammo actd Ser Ser Ser Ser 

*Ttssue plasmmogen activator mhtbttory actwtty m lU/mg 

DISCUSSION 

Four inhibitors DE-2, DE-3, DE-5 and DE-10 were 
Isolated and purified from the seeds of E. corallodendron 
by gel filtration followed by ion exchange chromato- 
graphy. Each inhibitor consists of 172-173 ammo acids, 
cross-linked by two disulphide bridges, has a M, of ca 
20000 and resembles the Kunitz-type proteinase mht- 
bitors. Inhtbttor DE-2 inhtbited trypsin strongly and 
chymotrypsin slightly less effectively and it had no effect 
on tissue plasmmogen activator (t-PA). Inhibttor DE-3 

mhtbrted trypsm, chymotrypsin and t-PA. Inhtbttors 
DE-5 and DE-10 were relattvely specific for a-chymo- 
trypsm, they were poor Inhibitors of trypsin and t-PA. 
The mhtbttors from E. corallodendron seeds share many 
chemrcal charactertstics with Kunitz-type mhibitors from 
other spectes of Erythnna [2] 

The first report of a complete amino acid sequence of a 
Kurutz-type trypsm mhtbitor (from soybeans) was de- 
scribed m 1973 [13-l 51 Later, the amino actd sequences 
of two trypsm tso-inhibttors from winged bean seeds 
[Psophocarpus tetragonolohus (L) DC] which resemble 
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10 20 
(a) Val-Leu-Leu-Asp-Gly-Asn-Gly-Glu-Val-Val-Gln-Asn-Gly-Gly-Thr-Tyr-~~~-Leu-L~u-P~~-Gln - - - 

(b) Val-Leu-Leu-:~sp-Gly-Asn-Gly-C;lu-Val-v~l-Gl~-Asn-Gly-Gly-Thr-~r-Ty~-Leu-L~~-P~o-Gln - - - 

(C) Val-L,e~-~~eu-Asp-t;ly-.~sn-Gly-Glu-V~l-Val-Gln-Asn-Gly-Gly-Thr-Tyr-'~y~-Le~-L~~-Pr~-Gln - - - 

(d) ~~~l-Leu-Leu-A~p-Gly-Asn-Gly-Glu-V~l-V~l-Gl~-Asn-Gly-Gly-Thr-'~yr-Ty~-~eu-Le~-Pro-Gln - - - 

(e) V~1-Leu-Leu-Asp-Gly-Asn-Gly-Glu-Val-Val-Gl~-Asn-Gly-Gly-Thr-T~r-Ty~-Le.~-~eu-P~~-Gln - - - 

(f) Val-Seu-Leu-Asp-Gly-Asn-Gly-Gl~-Val-V~l-Gln-Asn-Gly-tily-Thr-T~r-Ty~-Leu-Leu-P~~-Gln - - - 

(53) V~l-~su-Lsu-Asp-Gly-Asn-Gly-Glu-Val-Val-Gln-Asn-Gly-Gly-Thr-Tyr-Ty~-Le~-Leu-P~o - - - - 

Fig 1. Comparison of the N-termmal ammo acid sequences of Kunitz-type trypsm/chymotrypsm/t-Pa 
mhlbltors from various seeds. (a) E acanthocarpa DE-1 171, (b) E caffra DE-3 [S], (c) E decora DE-3 [9], (d) E. 
humeana DE-3 [lo], (e) E lat~lmu DE-3 [6]; (f) E lyslstemon DE-3 [l l] and (g) E corallodendron (this paper) 

TabIe 3 Ammo acid composltlons of protemase mlnbltors from 

E corallodendron seeds* 

Ammo acid DE-2 DE-3 DE-5 DE-10 

Asp 

Thr 

Ser 

Glu 

Pro 

Gly 

Ala 

$-cys 
Val 

Met 
Ile 
Leu 

Tyr 
Phe 

Lys 
His 

Arg 

Trp 

17 1 (17) 

7.8 (8) 

15 1 (15) 

23.4 (23) 

14.1 (14) 

17.2 (17) 

34 (3) 

3 3 (4) 
12 3 (12) 

2 1 (2) 

g 8 (9) 
11.7 (12) 

8 8 (9) 
67 (7) 

8 9 (9) 
2.3 (2) 

80 (8) 

20 (2) 
173 

17 2 (17) 

8 6 (9) 
12.3 (12) 

26.2 (26) 

11 9 (12) 

15 5 (16) 

66 (7) 
3.4 (4) 

12.6 (13) 

0 3 (0) 

57 (6) 
15.5 (16) 

74 (7) 

49 (5) 
117 (12) 

28 (3) 
7.4 (7) 

19 (2) 
172 

20.0 (20) 
9.5 (10) 

12.2 (12) 
24 4 (24) 
11 3 (11) 
14.1 (14) 
109 (11) 
3 7 (4) 

11 8 (12) 
1.9 (2) 
60 (6) 

15 7 (16) 

5 2 (5) 
53 (5) 
8 6 (9) 
24 (2) 
68 (7) 
16 (2) 

172 

20.4 (20) 

9 6 (10) 

11.9 (12) 

23.8 (24) 

10 8 (11) 

12.9 (13) 

108 (11) 

3 7 (4) 
12 9 (13) 

1.3 (1) 

5 7 (6) 
15.6 (16) 

52 (5) 

52 (5) 

9 1 (9) 
28 (3) 
8.3 (8) 

1 7 (2) 
173 

*Given as mol of residue per mol mhlbttor. 

the Kunitz-type mhlbltors, were described [ 161. Recent- 
ly, the sequence of the trypsm/chymotrypsm/t-PA m- 
hlbitor DE-3 from E /aatlssima seeds and the sequence of 
the trypsm/chymotrypsm/t-PA from E. cajliia seeds, have 
been elucidated [17, IS] What 1s Immediately apparent 
1s the high degree of sequence homology between the 
various mhlbltors [IS] Further, the inhlbltors from the 
winged bean seeds and the Erythrina seeds have the same 
active site, namely Arg64-Ser65, whereas the mhlbltor 
from soybeans has Arg 64-Ile6s as reactive site. In spite of 
this slmllarlty m sequences and also in reactive sites, the 
mhlbltors of winged bean seed and soybeans have no 
effect on tissue plasmmogen activator. 

The trypsm mhlbltor DE-2 and the trypsm/chymo- 
trypsm/t-PA mhlbltor DE-3 from E corallodendron seeds 
have the same reactive sites (Arg-Set). In addition, the 
sequences around the reactive sites show a significant 
degree of sequence homology. It was obvious that tryp- 
sin/chymotrypsm/t-PA inhibitor DE-3 from E. corallo- 

dendron seeds, and trypsm/chymotrypsm/t-PA inhibitor 
DE-3 seeds of E latissima revealed several properties 
which were ldentlcal with regard to the N-terminal 
ammo acid sequences, the reactive sites and the sequen- 
ces around the reactive sites 

EXPERIMENTAL 

Matermls Erythrma coraltodendron seeds were collected by 

SAIDCOR, Pretoria Porcme trypsm (three times crystallized) 

and bovine a-chymotrypsm were supplied by Miles Labora- 

Table 4 Digestion of protemase mhlbltors at the reactive sites with trypsm at pH 3 and the 

sequence around their reactive sites 

Inhibitors 

Digestion 

W) 

Number 

of bands* Sequence around the reactive sites 

E corallodendron DE-2 40 3t -Arg&Ser-Tyr-Phe-Ile-Pro - - - - - 

DE-3 70 3 -Arg@Ser-Thr-Phe-Ile-Pro ----- 

64 65 

E caffra DE-3 901 3 -ArgkSer-Ala-Phe-Ile-Pro - -- - - 

M 65 

E. latlswna DE-3 90r 3 -Arg$-Ser-Thr-Phe-Ile-Pro - - - -- 

*SDS gel electrophoresls m the presence of a reducing agent. 

TM, 20000, 13000 and 7000. 

JResults taken from ref 2 

§Reactlve site 



1300 F J JOUBERT 

tortes (Pty) Ltd, Cape Town Recombmant human ttssue-type 

plasmmogen activator was obtamed from Genentech (San 

Franctsco) DEAE-cellulose was a microgranular preparatton 

(DE-52) from Whatman Sephadex G-50 (fine) and DEAE- 

Sepharose CL-6B were obtamed from Pharmacta 

Phrs~cochemtcal methods Sephadex G-50, DEAE-cellulose, 
and DEAE-Sepharose columns were prepared as recommended 

by the manufacturers, and the eluates were momtored at 280 nm 

wtth a Beckman spectrophotometer Disc electrophorests at 

pH 9 usmg a 15% gel was performed accordmg to the method 

of ref 1191 SDS gel electrophoresis at pH 7 2 using a 10% gel 

was carrted out a described by Weber and Osborn [20] The 

bands were statned with Kenactd blue K dissolved m 

H,O-HOAc-MeOH (5 1 5). 
Protemase mhlhltor assays Trypsm and chymotrypsm m- 

hlbitor acttvities were determrned as descrtbed [6] Inhibttton of 

ttssue plasmmogen activator mhtbttor was assayed m a plasmm- 

ogen-independent fluorometrrc assay as descrtbed m ref [3] 

Chemrcal analysts methods. Ammo actd analyses were per- 
formed on a Waters HPLC usmg the o-phthalaldehyde fluore- 

scence detection system [Zl] Samples were hydrolysed with 6 M 
HCI for 24 hr m sealed evacuated tubes, PhOH was added to 

prevent destruction of tyrosme 1221 Half-cystme was deter- 

mmed as cystelc acid by the method of ref 1231 For the 

determmation of tryptophan, the samples were hydrolysed wtth 

3 M toluene-p-sulphomc actd as descrtbed m ref 1241 

Llmlted hydrolysu wtth trypsrn The procedure used for the 

limited hydrolyses at pH 3 of the mhtbrtors by trypsm was 
stmilar to that described m ref [25] The drgesttons were carried 

out for 7 days at 20 

Sequence determrnatlons The N-termmal sequences of the 

uncleaved mhrbitor and the fragments of mhtbitors obtained by 

hmtted hydrolysis, at pH 3, wtth trypsm were determmed wtth a 

spmnmg cup sequencer (Beckman) converted to a gas phase 

instrument as described m ref [26] The programme used was 
simtlar to that described m ref [27] The phenylthiohydantom 

(PTH) derrvattves of ammo actds were identified with HPLC 

using a macro-Bondapak C,, column (Waters Associates Inc) 

Carhoxy-termmal analysis The C-termmal ammo acids of the 

protemase mhibitors and the fragments were determmed by the 

hydrazmolysrs method as descrtbed m ref [28] 

Crude protemase tnhlbltors The preparatton of the crude 

protemase mhtbitors was as described m ref [6] The yield was 
18 0 g from 100 g E corallodendron seeds 
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